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Abstract
Background and purpose
Thoracic trauma remains to be a relevant injury to the polytraumatised patient. However, lit-
erature regarding how far changes in clinical guidelines for pre- and in-hospital trauma man-
agement and diagnostic procedures affect the outcome of multiple injured patients with
severe chest injury during a long-term observation period is sparse.
Methods
Multiple traumatised patients (age16y) documented in the TraumaRegister DGU® (TR-
DGU) from January 1st 2005 to December 31st 2014 with severe chest trauma (AIS3)
were included in this study. Demographic data, the pattern of injury, injury severity, radio-
graphic emergency procedures, indication for intubation, duration of mechanical ventilation,
emergency surgery, occurrence of complications and mortality were evaluated per year and
over time.
Results
A total of 16,773 patients were analysed. The use of whole body computer tomography
increased (p<0.001), while the incidence of plain x-rays decreased (p<0.001). Furthermore,
incidence of AISThorax = 3 graded injuries increased (p<0.001) while AISThorax = 4 decreased
(p<0.001). Both, rate of patients being intubated at the time of ICU admission decreased
(p<0.001) and the time of mechanical ventilation decreased (p<0.001). Additionally, need
for emergency surgery, lung failure, sepsis, and multi organ failure all decreased (p<0.001).
However, mortality remained unchanged.
Interpretation
Severity of severe chest trauma and associated complications decreased while diagnostics
and treatment improved over time. However, mortality remained unchanged. Our results
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 1 / 14
a1111111111
a1111111111
a1111111111
a1111111111
a1111111111
OPENACCESS
Citation: Horst K, Andruszkow H, Weber CD,
Pishnamaz M, Herren C, Zhi Q, et al. (2017)
Thoracic trauma now and then: A 10 year
experience from 16,773 severely injured patients.
PLoS ONE 12(10): e0186712. https://doi.org/
10.1371/journal.pone.0186712
Editor: Iratxe Puebla, Public Library of Science,
FRANCE
Received: January 30, 2017
Accepted: October 9, 2017
Published: October 19, 2017
Copyright: © 2017 Horst et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: Data are restricted
from public sharing for ethical reasons. Data
requests can be sent to: The TraumaRegister DGU®
(TR-DGU) which may be contacted at http://www.
traumaregister-dgu.de/de. Contact Information:
Professor Dr. Rolf Lefering, University of Witten/
Herdecke, Ostemerheimerstraße 200, Haus 38,
51109 Ko¨ln/Germany, rolf.lefering@uni-wh.de.
Funding: The authors received no specific funding
for this work.
are in line with those expected in the context of the incidence of CT diagnostics, which has
increased parallel to the clinical outcome Thus, our data demonstrate a positive trend in the
treatment of patients with severe chest trauma.
Introduction
In multiple traumatised patients, approximately 50% are affected by a serious chest injury,
which continues to significantly influence the outcome in this patient cohort [1]. In this con-
text, mortality was reported to dramatically increase in patients with thoracic trauma (up to
30%) [2]. As the lung represents a target organ for secondary damage by posttraumatic inflam-
mation [3], lung injury contributes to the development of multiple organ failure (MOF) and
therefore represents a major cause of late deaths (24%) after severe trauma [4].
However, progress in the early diagnosis and treatment of thoracic injuries has been
noticed during the last decade. Computer tomography was found to reveal otherwise underes-
timated or overlooked injuries in the multiple injured [5], positively influence decision making
in regard to operative strategies (i.e. chest tube, thoracostomy) [6–8], and guide intensive care
procedures (i.e. mechanical ventilation concepts) were reported to increase patient outcome
[9, 10].
However, there is consensus about the fact that thoracic trauma and its complications (i.e.
sepsis, organ- and multi organ failure) remains to be of high importance [11, 12]. Due to
improved diagnostic and management strategies, we hypothesised that the severity of thoracic
trauma and its complications as well as mortality in patients with severe chest trauma decreased
over the last decade. Furthermore we hypothesised that diagnostic procedures have changed
during a 10 year period. We therefore used detailed information per year to reveal a positive
long-term trend in multiple traumatised patients during the last decade.
Materials and methods
The TraumaRegister DGU1 (TR-DGU) of the German Trauma Society (Deutsche Gesell-
schaft fu¨r Unfallchirurgie, DGU) was founded in 1993 [13]. The aim of this multi-centre data-
base is a pseudonymised and standardised documentation of severely injured patients.
Data are collected prospectively in four consecutive time phases from the site of the acci-
dent until discharge from hospital: A) Pre-hospital phase, B) Emergency room and initial
surgery, C) Intensive care unit and D) Discharge. The documentation includes detailed infor-
mation on demographics, injury pattern, comorbidities, pre- and in-hospital management,
course of intensive care unit, relevant laboratory findings including data on transfusion and
outcome of each individual. The inclusion criteria are admission to hospital via the emergency
room with subsequent ICU/ICM care or reaching the hospital with vital signs and dying before
admission to the ICU.
The infrastructure for documentation, data management, and data analysis is provided by
AUC—Academy for Trauma Surgery (AUC—Akademie der Unfallchirurgie GmbH), a com-
pany affiliated with the German Trauma Society. The scientific leadership is provided by the
Committee on Emergency Medicine, Intensive Care and Trauma Management (Sektion NIS)
of the German Trauma Society. The participating hospitals submit their pseudonymised data
into a central database via a web-based application. Scientific data analysis is approved accord-
ing to a peer review procedure established by Sektion NIS.
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The participating hospitals are primarily located in Germany (90%), but an increasing
number of hospitals from other countries contribute data as well (at the moment from Austria,
Belgium, China, Finland, Luxembourg, Slovenia, Switzerland, The Netherlands, and the
United Arab Emirates).
Participation in TraumaRegister DGU1 is voluntary. For hospitals associated with Trau-
maNetzwerk DGU1, however, the entry of at least a basic data set is obligatory for reasons of
quality assurance.
The present study is in line with the publication guidelines of the TraumaRegister DGU1
and registered as TR-DGU project ID 2015–033.
Injuries were coded according to the Abbreviated Injury Scale (AIS, version 2005/2008,
Association for the Advancement of Automotive Medicine, Barrington, IL). Until 2008, the
AIS-1998 version was used. Since 2009, the TR-DGU uses a reduced version of the AIS-2005/
08, where similar codes with the same severity level were merged but different severity levels
were preserved. Codes from before 2009 were re-coded in this new system by preserving the
severity level (except the severity changed in the AIS 2005/08 version). The severity of injuries
was recorded according to the AIS as 1 (minor), 2 (moderate), 3 (severe, not life-threatening),
4 (serious, life-threatening), 5 (critical, survival uncertain), and 6 (maximum, currently
untreatable).
Inclusion and exclusion criteria
All patients treated in German hospitals, presenting with a severe thorax trauma (AIS = 3)
documented in the TR-DGU from January 1st 2005 to December 31st 2014 were included in
the present study. To adequately judge the relevance of thoracic injuries, AIS in other body
regions was limited to AIS< = 3. Furthermore, all patients received intensive care treatment.
Patients transferred to the reporting hospital after initial treatment in another hospital were
included. However, prognostic scores could not be calculated since the initial status on admis-
sion was unknown. Primary admitted patients who had been transferred out into another hos-
pital within 48 hours were excluded since their final outcome was unknown. Patients were
analysed per year of admittance and compared over a 10 year period.
Severity of thoracic trauma was considered, and diagnostic and therapeutic procedures
that are typically used in the emergency situation (plain x-rays and computer tomography
(CT)) were evaluated. Therapeutic interventions included intubation, application of a chest
tube, fluid therapy, administration of catecholamines and analgosedation as well as cardio-
pulmonary resuscitation (CPR) and need for emergency surgery. The duration of mechani-
cal ventilation was recorded. Furthermore, the occurrence of lung failure according to the
Sequential Organ Failure Assessment Score (SOFA) was analysed [14]. Organ function was
considered to be inappropriate and marked as organ failure when the SOFA score was3.
The incidence of systemic organ impairment (sepsis and multiple organ failure (MOF))
was analysed. The diagnosis of sepsis was made according to the criteria of the American
College of Chest Physicians/Society of Critical Care Medicine (ACCP-SCCM) consensus
conference committee [15, 16] and MOF was defined as simultaneous failure of least two
organs. Mortality was reported as in-hospital mortality. Furthermore, we used the Revised
Injury Severity Score (RISC II) to predict the risk of death in severely injured patients that
were primarily admitted to one of the reporting trauma centres and compared the data to
the mortality rate in the same group of patients [17]. As the RISC II score is only validated
for primarily admitted patients, prognosis will be performed in primary admitted patients
only. Thus, patients that were secondarily transferred in, were excluded in the RISC II sub-
group analysis.
Thoracic trauma now and then
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Statistics
Descriptive analysis for the 10 year period was provided for each year. Categorical variables
are presented as percentages with the underlying total. Metric data were presented as mean
with standard deviation (SD); in the case of skewed distribution, the median is also presented.
A trend over time was evaluated with the chi-squared test in the case of categorical variables.
For metric variables, a linear regression was performed, with the year of trauma as an indepen-
dent predictor for the variable in question. The p-value presented is the one of the regression
coefficient. A p-value < 0.01 was considered statistically significant. However, due to the large
sample size in the registry, even minor differences could become statistically significant.
Therefore, interpretation of results should focus on the clinical relevance rather than on signif-
icance. All statistical analyses were performed using SPSS statistical software (SPSS 22.0; IBM
Inc., Armonk, NY, USA).
Results and discussion
In total, 16,773 patients with thoracic trauma fulfilled the inclusion criteria and presented with
a relevant thoracic trauma (Table 1). Of these 14,941 were primarily admitted to the reporting
hospital and 1,832 were secondarily transferred in. All in all 95.4% suffered from blunt and
4.6% from penetrating injuries. The most common additional injuries (AIS 2–3) were to the
extremities (24.2%), the head (18.8%) and the abdomen (10.0%). Injury mechanisms are dis-
played in Table 2.
While the rate of AISThorax = 3 increased from 2005, incidence of severe thoracic injuries
with an AISThorax >3 decreased (Table 1).
Paralleled by a decreasing rate of severe chest injuries, diagnosed in the emergency depart-
ment, the number of patients with need for intubation also decreased (p<0.001) (Table 1 and
Fig 1). While 76.3% of patients were ventilated in 2005, this was only true for 42.2% of cases in
2014 (p<0.001). In accordance, patients received less analgosedation over years (2005: 84.8%
vs. 2014: 70.4%, p<0.001). Duration of ventilation in those who were intubated dropped from
9.8 (SD 11.3; median 6) days in 2005 to 8.5 (SD 11.4; median 4) days in 2014 (p<0.001). While
86.1% of all multiple injured patients received emergency surgery in 2005, this accounted for
76% in 2014 (p<0.001).
Table 1. Demographics, injury severity (ISS), mortality and abbreviated injury score for thoracic injury (AISThorax) between 2005 and 2014.
Year No. of patients Age Male ISS Mortality Thorax AIS 3 Thorax AIS 4 Thorax AIS 5 Thorax AIS 6
mean (SD) % mean (SD) % % % % %
2005 561 44.4 (18.8) 78.8 21.5 (8.3) 4.8 56.7 35.5 7.1 0.7
2006 799 44.2 (19.2) 77.0 21.8 (7.5) 4.8 57.8 31.8 10.4 0.0
2007 1221 43.2 (18.8) 77.8 21.5 (7.6) 4.3 60.6 29.5 9.7 0.2
2008 1295 44.7 (19.3) 76.4 21.1 (7.3) 3.7 60.5 30.7 8.8 0.1
2009 1345 46.5 (19.8) 76.0 21.5 (7.1) 5.3 62.3 28.0 9.7 0.1
2010 1606 46.6 (19.6) 76.7 21.7 (7.7) 5.0 62.2 26.7 10.8 0.2
2011 2200 47.8 (19.9) 76.2 20.9 (7.5) 4.1 66.1 24.4 9.3 0.2
2012 2348 49.6 (19.8) 76.1 20.6 (7.7) 5.8 67.5 23.1 9.1 0.3
2013 2541 50.2 (19.9) 74.5 19.9 (7.3) 5.2 70.3 20.0 9.7 0.0
2014 2857 50.7 (20.1) 76.2 19.6 (7.3) 4.4 71.4 19.7 8.7 0.1
total 16,773 47.8 (19.9) 76.2 20.7 (7.5) 4.8 65.6 24.8 9.4 0.2
p valuea <0.001 0.043 <0.001 0.44 <0.001 <0.001 0.70 0.38
a
= p-value for trend over time
https://doi.org/10.1371/journal.pone.0186712.t001
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 4 / 14
The incidence of organ failure in the central nervous system (CNS), liver and kidney either
showed only minimal changes or presented adverse effects (Coagulation) over the observation
period. In contrast, the occurrence of organ failure in the cardiopulmonary system showed a
pronounced fall (Table 3).
Also, sepsis (p<0.001) and MOF (p<0.001) rates decreased over the decade (Fig 2). The
overall mortality rate was always around 5% and did not show a trend (p = 0.44) (Table 1 and
Fig 2). However, subgroup analysis in primary admitted patients and complete data for RISC
II analysis (n = 14,873) showed good outcome results. Predicted death rates decreased by 0.1%
per year from 5.9% in 2005 to 4.7% in 2014 (p = 0.009) (Table 4). The observed mortality in
this cohort was mostly lower than predicted (Table 4).
Table 2. Injury mechanisms between 2005 and 2014.
Injury Mechanism
Car Motorbike Bicycle Pedestrian High Fall (>3m) Low Fall (<3m) Other
% % % % % % %
2005 35.1 16.6 5.3 6.4 15.5 5.7 15.3
2006 35.6 16.5 4.6 6.5 16.2 6.8 13.8
2007 38.1 18.1 4.5 6.1 15.8 6.4 11.0
2008 38.5 16.7 5.5 5.7 17.4 5.7 10.5
2009 35.0 15.7 6.5 7.0 19.5 8.6 7.8
2010 38.6 16.8 5.8 5.4 18.7 8.6 6.2
2011 34.8 18.9 7.2 5.3 16.8 10.4 6.6
2012 32.8 16.4 7.3 7.1 18.4 11.4 6.4
2013 34.1 17.3 6.5 5.9 18.4 11.7 6.2
2014 30.5 18.2 8.9 5.4 17.6 13.1 6.4
total 34.7 17.3 6.7 6.0 17.7 9.8 7.9
p valuea <0.001 0.28 <0.001 0.34 0.09 <0.001 <0.001
a
= p-value for trend over time
https://doi.org/10.1371/journal.pone.0186712.t002
Fig 1. Therapeutic intervention at hospital admission in primarily admitted patients per year between
2005 and 2014.
https://doi.org/10.1371/journal.pone.0186712.g001
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Finally, it was seen that use of whole body computer tomography (WBCT) in the diagnosis
of thoracic injuries has doubled in the past 10 years (2005: 42.8% vs. 2014: 88.6%, p<0.001),
while plain x-rays of the thorax have decreased from 68.8% in 2005 to 41.8% in 2014 (p<0.001)
(Fig 3).
Chest trauma is one of the most important contributors to the development of complica-
tions and mortality in multiple traumatised patients. Typically blunt rather than penetrating
injury mechanisms lead to injury of thoracic structures such as lung tissue, bones, vessels or
the heart. Our data support findings whereupon the majority of patients present with an
AISThorax of 3 [18]. Interestingly, the number of patients being diagnosed with an AISThorax of
3 has increased over the years, while those with an AISThorax of 4 has decreased. In contrast,
Table 3. Development of organ failure between 2005 and 2014.
Organ Failure
CNS Kidney Liver Coagulation Heart /Circulation Lung
% % % % % %
2005 14.8 3.1 2.0 5.5 26.0 25.8
2006 11.3 3.6 2.6 5.2 26.3 27.9
2007 14.4 4.4 3.1 5.5 25.6 23.8
2008 15.5 3.4 1.9 4.8 26.3 21.2
2009 11.7 4.2 2.5 9.4 23.1 22.0
2010 107 4.5 1.8 9.3 21.0 23.1
2011 9.1 3.8 1.6 9.1 18.4 18.3
2012 10.9 4.5 1.9 9.6 18.0 18.3
2013 10.4 3.0 1.7 7.2 17.3 16.2
2014 10.2 3.2 1.4 7.3 17.1 16.0
Total 11.3 3.8 1.9 7.7 20.3 19.6
p value a <0.001 0.22 0.001 0.001 <0.001 <0.001
a
= p-value for trend over time
https://doi.org/10.1371/journal.pone.0186712.t003
Fig 2. Significant decrease of sepsis, MOF and but not mortality rates between 2005 and 2014.
https://doi.org/10.1371/journal.pone.0186712.g002
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the number of patients with an AISThorax >4 remained relatively stable. Our main results can
be summarised as follows:
1. thoracic trauma severity decreased over the last decade
2. incidence of sepsis and MOF decreased significantly in patients with severe thoracic injury
3. need for intubation and length of mechanical ventilation decreased
4. the use of diagnostic procedures changed from the application of plain x-rays towards CT
5. although predicted death rates improved, mortality in patients with severe chest trauma
remained unchanged.
Organ failure and mortality
Despite sepsis, traumatic insults have been identified to contribute significantly to the develop-
ment of ARDS with subsequent lung failure [19]. Insults to the lung either affect the alveolar
endothelium (e.g., pneumonia, aspiration) or the microvascular endothelium (e.g., sepsis, pan-
creatitis, shock) [20]. However, at a distinct point, diffuse inflammation triggers further disease
of the lung tissue. The inflammatory network leads to alveolar and interstitial oedema, reduced
alveolar fluid clearance, impaired surfactant production and function, and lung fibrosis, which
finally results in respiratory failure [20]. The release of inflammatory mediators from damaged
lung tissue triggers systemic inflammation and promotes multiple organ failure, which repre-
sents a major cause of late deaths (24%) after severe trauma [4, 20, 21]. In contrast to Bo¨hmer
et al. who reported on a slight and non-significant increase of single- as well as multi-organ
failure in multiple traumatised patients, the present study specifically focuses on polytrauma-
tised patients with severe chest trauma and reveals a decreasing trend with regard to lung
Table 4. Mortality, predicted death rates and standardized mortality ratio (SMR) in primary admitted patients between 2005 and 2014.
year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 10 years p-value
n 490 666 1067 1121 1183 1434 1941 2104 2294 2573 - -
mortality (%) 5.1 4.7 4.2 3.5 5.0 5.3 4.2 5.6 5.1 4.1 4.7 0.72
RISC II prognosis (%) 5.9 5.9 5.2 5.1 5.8 6.0 5.1 5.5 5.0 4.7 5.3 0.009
SMR 0.86 0.80 0.81 0.69 0.86 0.88 0.82 1.02 1.02 0.87 - -
https://doi.org/10.1371/journal.pone.0186712.t004
Fig 3. Use of plain x-rays and whole body CT (WBCT) between 2005 and 2014.
https://doi.org/10.1371/journal.pone.0186712.g003
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failure and circulatory impairment. Although lung injury was found to be associated with a
pronounced inflammatory response [22, 23], recent findings by Calfee et al. who reported
lower levels of plasma markers of lung epithelial and endothelial injury (ICAM-1, vWF, SP-D,
and sTNFr-1) may indicate that the pathophysiology of trauma-related acute lung injury
may be different from that of the broader population of lung injury patients [24]. Thus, the
observed trend might be explained. Bakowitz et al. recently reported that patients with
trauma-associated lung injury have not received as much investigative attention as their medi-
cal and sepsis-afflicted counterparts with ALI/ARDS, which accentuates the difference in the
underlying disease [12]. Finally, the great number of clinical and experimental studies that
have focused on thoracic trauma unveil the lack of knowledge in the field of thoracic trauma
and inflammatory response [23, 25, 26].
In general, reports on morbidity and mortality in trauma populations are encouraging [1,
27–29]. In accordance with Ciesla et al. who reported an encouraging decrease in the progres-
sion of ARDS and MOF [30], we also found a decrease of lung failure in patients with severe
thoracic trauma, demonstrating a positive trend in the treatment of patients with severe tho-
racic trauma. As the majority of patients with severe thoracic trauma are coded with Thorax
AIS 3 [18], it may be assumed that the described improvements mainly account for this patient
group rather than for the small subgroup of patients with devastating injuries to the thoracic
cavity. Despite the fact that about one third of all patients with chest wall trauma is associated
with pulmonary complications [31], the true mortality rate for patients with severe chest inju-
ries is hard to evaluate as blunt chest wall trauma causes death indirectly, through pulmonary
and non-pulmonary complications [32]. Furthermore, patients with severe injuries require
more acute interventions, have higher rates of extra-thoracic injuries, complications, and
mortality [18, 33]. Although the RISC II scores to predict death reveal a positive trend in our
subgroup analysis, further studies that will illuminate pathologic mechanisms and reveal pre-
dictors for outcome in patients with severe chest trauma to improve the treatment of this spe-
cific trauma population are urgently required.
Treatment principles
With regard to chest trauma, the need for intubation and ventilation time are valid metrics
with which to measure outcome. It is well known that intubation is positively correlated with
trauma severity [34]. However, various effects may have redirected the view on indication for
intubation during the last few years. On the one hand, pre-hospital treatment has improved
and clinical trials are starting to appear, potentially signalling a reduction in mortality and pul-
monary infections based on less frequent intubations [35]. Accordingly, Hussmann et al. dem-
onstrated that pre-hospital intubation in moderately injured trauma patients (body region
AIS<3) is associated with a number of risks and should be critically weighed [36]. The authors
found an elevated sepsis rate and an elevated prevalence of multi-organ failure as well as organ
failure in the intubated cohort [36]. In addition, Scho¨neberg et al. demonstrated that intuba-
tion in severely injured patients (ISS>16, GCS<9) also does not improve survival rate [37].
Furthermore, implementation of defined indications for intubation will certainly have influ-
enced the intubation rate during the last few years [38]. Moreover, we observed a decreased
number of cases with the need for emergency surgery, which will have also influenced the deci-
sion for early intubation. This is consistent with the general reduction of injury severity in traf-
fic accidents, as previously described [39–41], as well as improved diagnostic procedures in the
emergency department [42].
With regard to mechanical ventilation, we found a decrease in ventilation time in patients
with severe chest trauma. Findings reporting on mechanical ventilation time are contradictory.
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While some authors did not find changes with regard to mechanical ventilation time [43, 44],
Probst et al. described a decrease from 11.6 days to 8.7 days during a 30 year observation
period [45]. However, the majority of data are derived from general trauma populations,
which were not adjusted for patients with severe chest trauma. Although the structure of the
registry does not allow a detailed analysis of ventilation treatment, it may be assumed that
technical innovations and established concepts (e.g. lung protective ventilation, weaning pro-
tocols) relevantly affected the time of invasive ventilation [44, 46, 47]. In this context, Silva
et al. reported a reduction in days with mechanical ventilation as well as a reduced rate of re-
intubation by using a specific weaning protocol [48]. However, as the duration of ventilation is
also positively associated with trauma severity [49] and the occurrence of complications [50,
51], a general reduction in mechanical ventilation time should be interpreted beneficially.
Diagnostic procedures
As already mentioned, besides a growing number of accident prevention strategies [52, 53],
diagnostic and treatment procedures at hospital admission also improved [54, 55]. Against this
background, we registered the increased use of computer tomography, which was found to
determine trauma severity more accurately than commonly used plain x-rays [56, 57]. Accord-
ingly, other authors also reported an increased use of CT in multiple traumatised patients dur-
ing their initial assessment [58]. Although plain x-rays are not yet fully replaced by CT [59,
60], the benefit of the latter radiographic tool was underlined by Huber-Wagner et al., who
reported an increased survival in haemodynamically stable and unstable major trauma patients
[61]. Jiang et al. confirmed these findings in 2014 [62].
Strengths and limitations
One of the strengths is the use of the TR-DGU as a database that summarises data from institu-
tions committed to performing optimal trauma care. Thus, all information available in the
database were documented prospectively. Furthermore, the database uses homogenous inclu-
sion criteria by including only patients admitted through the emergency department and
requiring intensive care therapy. The coding expertise is assessed by computerised plausibility
assessments as well as by regular feedback to every centre. It is part of the quality assurance
program involved in the certification process of TraumaNetzwerk DGU1, and the quality of
documentation is accepted to be high [63, 64]. The high quality of registry data has also been
confirmed by other authors [65, 66]. Furthermore, we only used data from German hospitals,
which represents a trauma population with a majority of blunt trauma [1]. However, these
results might not be representative for the whole Western European population due to, e.g.,
different economic and structural properties. Furthermore, we did not perform separate analy-
sis with regard to trauma severity. Thus, it may be assumed that our findings account for the
majority of patients classified with Thorax AIS 3. Also, the structure of the registry does not
allow a detailed description of the airway and ventilation management that was performed and
no detailed or continuous laboratory information was collected. Finally, RISC II analysis is
thought to predict mortality in regard to the severity of injury [17]. As the trauma registry
includes only patients being admitted to an ICU, cases of death within the emergency room
and the operation theatre are not included to the analysis and thus might reduce expressive-
ness of a direct comparison to observed mortality.
Conclusion
During the 10 year observation period, a reduction of morbidity was observed while mortality
rates in multiple traumatised patients with severe chest trauma remained unchanged. However,
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diagnostic procedures improved and fewer patients were intubated. The need for emergency
surgery decreased, and ventilation time as well as overall stay on the ICU were reduced, with
decreasing rates of lung failure. Thus, our data revealed a positive trend in the treatment of
patients with severe chest trauma based on improved diagnostic procedures and posttraumatic
treatment strategies.
Acknowledgments
The article was proofread by Proof-Reading-Service.com, Devonshire Business Centre, Works
Road, Letchworth Garden City, SG6 1GJ, United Kingdom. Furthermore the authors would
like to thank the internal review of the TR-DGU for their substantial contribution.
Author Contributions
Conceptualization: Klemens Horst, Hagen Andruszkow, Miguel Pishnamaz.
Data curation: Klemens Horst, Christian Herren, Rolf Lefering.
Formal analysis: Rolf Lefering.
Investigation: Klemens Horst, Miguel Pishnamaz, Qiao Zhi.
Methodology: Klemens Horst, Hagen Andruszkow.
Project administration: Klemens Horst, Rolf Lefering, Hans-Christoph Pape.
Supervision: Frank Hildebrand, Hans-Christoph Pape.
Validation: Klemens Horst, Christian D. Weber, Christian Herren, Rolf Lefering, Frank Hil-
debrand, Hans-Christoph Pape.
Visualization: Klemens Horst, Hagen Andruszkow, Miguel Pishnamaz, Qiao Zhi.
Writing – original draft: Klemens Horst, Christian D. Weber.
Writing – review & editing: Matthias Knobe, Rolf Lefering, Frank Hildebrand, Hans-Chris-
toph Pape.
References
1. Lefering R. TraumaRegister® DGU–Annual Report 2015. 2015.
2. Waydhas C. [Thoracic trauma]. Unfallchirurg. 2000; 103(10):871–89; quiz 90, 910. Epub 2000/12/01.
PMID: 11098748.
3. Mommsen P, Barkhausen T, Frink M, Zeckey C, Probst C, Krettek C, et al. Productive capacity of alveo-
lar macrophages and pulmonary organ damage after femoral fracture and hemorrhage in IL-6 knockout
mice. Cytokine. 2011; 53(1):60–5. Epub 2010/10/12. https://doi.org/10.1016/j.cyto.2010.09.005 PMID:
20934884.
4. Dewar DC, Tarrant SM, King KL, Balogh ZJ. Changes in the epidemiology and prediction of multiple-
organ failure after injury. J Trauma Acute Care Surg. 2013; 74(3):774–9. Epub 2013/02/22. https://doi.
org/10.1097/TA.0b013e31827a6e69 PMID: 23425734.
5. Langdorf MI, Medak AJ, Hendey GW, Nishijima DK, Mower WR, Raja AS, et al. Prevalence and Clinical
Import of Thoracic Injury Identified by Chest Computed Tomography but Not Chest Radiography in
Blunt Trauma: Multicenter Prospective Cohort Study. Ann Emerg Med. 2015; 66(6):589–600. https://
doi.org/10.1016/j.annemergmed.2015.06.003 PMID: 26169926.
6. Cai W, Lee JG, Fikry K, Yoshida H, Novelline R, de Moya M. MDCT quantification is the dominant
parameter in decision-making regarding chest tube drainage for stable patients with traumatic pneumo-
thorax. Comput Med Imaging Graph. 2012; 36(5):375–86. https://doi.org/10.1016/j.compmedimag.
2012.03.005 PMID: 22560899.
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 10 / 14
7. Smith JE, Midwinter M, Lambert AW. Avoiding cavity surgery in penetrating torso trauma: the role of the
computed tomography scan. Ann R Coll Surg Engl. 2010; 92(6):486–8. https://doi.org/10.1308/
003588410X12699663903511 PMID: 20519069.
8. Fu CY, Hsieh CH, Shih CH, Wang YC, Chen RJ, Huang HC, et al. Selective computed tomography and
angioembolization provide benefits in the management of patients with concomitant unstable hemody-
namics and negative sonography results. World J Surg. 2012; 36(4):819–25. Epub 2012/02/22. https://
doi.org/10.1007/s00268-012-1457-8 PMID: 22350476.
9. Corbacioglu SK, Er E, Aslan S, Seviner M, Aksel G, Dogan NO, et al. The significance of routine tho-
racic computed tomography in patients with blunt chest trauma. Injury. 2015; 46(5):849–53. https://doi.
org/10.1016/j.injury.2014.12.022 PMID: 25683210.
10. Wolfschmidt F, Dierks A, Wurmb T, Kickuth R, Kenn W. [In-hospitaltraumamanagement—trauma suite
diagnostics]. Anasthesiol Intensivmed Notfallmed Schmerzther. 2014; 49(9):536–42; quiz 43. https://
doi.org/10.1055/s-0034-1390057 PMID: 25238013.
11. Harris T, Davenport R, Hurst T, Jones J. Improving outcome in severe trauma: trauma systems and ini-
tial management: intubation, ventilation and resuscitation. Postgrad Med J. 2012; 88(1044):588–94.
https://doi.org/10.1136/postgradmedj-2010-74245 PMID: 23014941.
12. Bakowitz M, Bruns B, McCunn M. Acute lung injury and the acute respiratory distress syndrome in the
injured patient. Scand J Trauma Resusc Emerg Med. 2012; 20:54. https://doi.org/10.1186/1757-7241-
20-54 PMID: 22883052.
13. TraumaRegister DGU. 20 years TraumaRegister DGU((R)): development, aims and structure. Injury.
2014; 45 Suppl 3:S6–S13. https://doi.org/10.1016/j.injury.2014.08.011 PMID: 25284237.
14. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, et al. Use of the SOFA score
to assess the incidence of organ dysfunction/failure in intensive care units: results of a multicenter, pro-
spective study. Working group on "sepsis-related problems" of the European Society of Intensive Care
Medicine. Crit Care Med. 1998; 26(11):1793–800. PMID: 9824069.
15. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Con-
ference Committee. American College of Chest Physicians/Society of Critical Care Medicine. 1992.
Chest. 2009; 136(5 Suppl).
16. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Con-
ference Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest.
1992; 101(6):1644–55. PMID: 1303622.
17. Lefering R, Huber-Wagner S, Nienaber U, Maegele M, Bouillon B. Update of the trauma risk adjustment
model of the TraumaRegister DGU: the Revised Injury Severity Classification, version II. Crit Care.
2014; 18(5):476. https://doi.org/10.1186/s13054-014-0476-2 PMID: 25394596.
18. Veysi VT, Nikolaou VS, Paliobeis C, Efstathopoulos N, Giannoudis PV. Prevalence of chest trauma,
associated injuries and mortality: a level I trauma centre experience. Int Orthop. 2009; 33(5):1425–33.
https://doi.org/10.1007/s00264-009-0746-9 PMID: 19266199.
19. Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, et al. Incidence and outcomes of
acute lung injury. N Engl J Med. 2005; 353(16):1685–93. https://doi.org/10.1056/NEJMoa050333
PMID: 16236739.
20. Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med. 2000; 342(18):1334–
49. https://doi.org/10.1056/NEJM200005043421806 PMID: 10793167.
21. Ragaller M, Richter T. Acute lung injury and acute respiratory distress syndrome. J Emerg Trauma
Shock. 2010; 3(1):43–51. https://doi.org/10.4103/0974-2700.58663 PMID: 20165721.
22. Mokra D, Kosutova P. Biomarkers in acute lung injury. Respiratory physiology & neurobiology. 2015;
209:52–8. https://doi.org/10.1016/j.resp.2014.10.006 PMID: 25466727.
23. Neher MD, Weckbach S, Flierl MA, Huber-Lang MS, Stahel PF. Molecular mechanisms of inflammation
and tissue injury after major trauma—is complement the "bad guy"? J Biomed Sci. 2011; 18:90. https://
doi.org/10.1186/1423-0127-18-90 PMID: 22129197.
24. Calfee CS, Eisner MD, Ware LB, Thompson BT, Parsons PE, Wheeler AP, et al. Trauma-associated
lung injury differs clinically and biologically from acute lung injury due to other clinical disorders. Crit
Care Med. 2007; 35(10):2243–50. PMID: 17944012.
25. Schouten LR, Schultz MJ, van Kaam AH, Juffermans NP, Bos AP, Wosten-van Asperen RM. Associa-
tion between Maturation and Aging and Pulmonary Responses in Animal Models of Lung Injury: A Sys-
tematic Review. Anesthesiology. 2015; 123(2):389–408. https://doi.org/10.1097/ALN.
0000000000000687 PMID: 25919403.
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 11 / 14
26. Hildebrand F, Andruszkow H, Huber-Lang M, Pape HC, van Griensven M. Combined hemorrhage/
trauma models in pigs-current state and future perspectives. Shock. 2013; 40(4):247–73. Epub 2013/
07/17. https://doi.org/10.1097/SHK.0b013e3182a3cd74 PMID: 23856921.
27. Aldrian S, Koenig F, Weninger P, Vecsei V, Nau T. Characteristics of polytrauma patients between
1992 and 2002: what is changing? Injury. 2007; 38(9):1059–64. https://doi.org/10.1016/j.injury.2007.
04.022 PMID: 17706653.
28. Kahl JE, Calvo RY, Sise MJ, Sise CB, Thorndike JF, Shackford SR. The changing nature of death on
the trauma service. J Trauma Acute Care Surg. 2013; 75(2):195–201. https://doi.org/10.1097/TA.
0b013e3182997865 PMID: 23823614.
29. Ruchholtz S, Lefering R, Paffrath T, Oestern HJ, Neugebauer E, Nast-Kolb D, et al. Reduction in mortal-
ity of severely injured patients in Germany. Dtsch Arztebl Int. 2008; 105(13):225–31. https://doi.org/10.
3238/arztebl.2008.0225 PMID: 19629200.
30. Ciesla DJ, Moore EE, Johnson JL, Cothren CC, Banerjee A, Burch JM, et al. Decreased progression of
postinjury lung dysfunction to the acute respiratory distress syndrome and multiple organ failure. Sur-
gery. 2006; 140(4):640–7; discussion 7–8. https://doi.org/10.1016/j.surg.2006.06.015 PMID: 17011912.
31. Ziegler DW, Agarwal NN. The morbidity and mortality of rib fractures. J Trauma. 1994; 37(6):975–9.
PMID: 7996614.
32. Simon BJ, Cushman J, Barraco R, Lane V, Luchette FA, Miglietta M, et al. Pain management guidelines
for blunt thoracic trauma. J Trauma. 2005; 59(5):1256–67. PMID: 16385313.
33. El-Menyar A, Abdelrahman H, Al-Hassani A, Ellabib M, Asim M, Zarour A, et al. Clinical Presentation
and Time-Based Mortality in Patients With Chest Injuries Associated With Road Traffic Accidents. Arch
Trauma Res. 2016; 5(1):e31888. https://doi.org/10.5812/atr.31888 PMID: 27148499.
34. Sise MJ, Shackford SR, Sise CB, Sack DI, Paci GM, Yale RS, et al. Early intubation in the management
of trauma patients: indications and outcomes in 1,000 consecutive patients. J Trauma. 2009; 66(1):32–
9; discussion 9–40. https://doi.org/10.1097/TA.0b013e318191bb0c PMID: 19131803.
35. Karcz MK, Papadakos PJ. Noninvasive ventilation in trauma. World J Crit Care Med. 2015; 4(1):47–54.
https://doi.org/10.5492/wjccm.v4.i1.47 PMID: 25685722.
36. Hussmann B, Lefering R, Waydhas C, Ruchholtz S, Wafaisade A, Kauther MD, et al. Prehospital intu-
bation of the moderately injured patient: a cause of morbidity? A matched-pairs analysis of 1,200
patients from the DGU Trauma Registry. Crit Care. 2011; 15(5):R207. https://doi.org/10.1186/cc10442
PMID: 21914175.
37. Schoeneberg C, Wegner A, Kauther MD, Stuermer M, Probst T, Lendemans S. [No improved survival
rate in severely injured patients by prehospital intubation: A retrospective data analysis and matched-
pair analysis]. Unfallchirurg. 2016; 119(4):314–22. https://doi.org/10.1007/s00113-015-0116-6 PMID:
26601848.
38. Mayglothling J, Duane TM, Gibbs M, McCunn M, Legome E, Eastman AL, et al. Emergency tracheal
intubation immediately following traumatic injury: an Eastern Association for the Surgery of Trauma
practice management guideline. J Trauma Acute Care Surg. 2012; 73(5 Suppl 4):S333–40. https://doi.
org/10.1097/TA.0b013e31827018a5 PMID: 23114490.
39. Kuner EH, Schlickewei W, Oltmanns D. Injury reduction by the airbag in accidents. Injury. 1996; 27
(3):185–8. PMID: 8736293.
40. Burgess AR, Dischinger PC, O’Quinn TD, Schmidhauser CB. Lower extremity injuries in drivers of air-
bag-equipped automobiles: clinical and crash reconstruction correlations. J Trauma. 1995; 38(4):509–
16. PMID: 7723088.
41. Richter M, Pape HC, Otte D, Krettek C. Improvements in passive car safety led to decreased injury
severity—a comparison between the 1970s and 1990s. Injury. 2005; 36(4):484–8. https://doi.org/10.
1016/j.injury.2004.10.001 PMID: 15755428.
42. Hilbert P, zur Nieden K, Hofmann GO, Hoeller I, Koch R, Stuttmann R. New aspects in the emergency
room management of critically injured patients: a multi-slice CT-oriented care algorithm. Injury. 2007;
38(5):552–8. https://doi.org/10.1016/j.injury.2006.12.023 PMID: 17472791.
43. Sauaia A, Moore EE, Johnson JL, Chin TL, Banerjee A, Sperry JL, et al. Temporal trends of postinjury
multiple-organ failure: still resource intensive, morbid, and lethal. J Trauma Acute Care Surg. 2014; 76
(3):582–92, discussion 92–3. https://doi.org/10.1097/TA.0000000000000147 PMID: 24553523.
44. Bohmer AB, Poels M, Kleinbrahm K, Lefering R, Paffrath T, Bouillon B, et al. Change of initial and ICU
treatment over time in trauma patients. An analysis from the TraumaRegister DGU(R). Langenbecks
Arch Surg. 2016. https://doi.org/10.1007/s00423-016-1428-x PMID: 27114102.
45. Probst C, Pape HC, Hildebrand F, Regel G, Mahlke L, Giannoudis P, et al. 30 years of polytrauma care:
An analysis of the change in strategies and results of 4849 cases treated at a single institution. Injury.
2009; 40(1):77–83. https://doi.org/10.1016/j.injury.2008.10.004 PMID: 19117558.
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 12 / 14
46. Goligher E, Ferguson ND. Mechanical ventilation: epidemiological insights into current practices. Curr
Opin Crit Care. 2009; 15(1):44–51. PMID: 19186409.
47. Kallet RH, Jasmer RM, Pittet JF, Tang JF, Campbell AR, Dicker R, et al. Clinical implementation of the
ARDS network protocol is associated with reduced hospital mortality compared with historical controls.
Crit Care Med. 2005; 33(5):925–9. PMID: 15891315.
48. Silva CS, Timenetsky KT, Taniguchi C, Calegaro S, Azevedo CS, Stus R, et al. Low mechanical ventila-
tion times and reintubation rates associated with a specific weaning protocol in an intensive care unit
setting: a retrospective study. Clinics (Sao Paulo). 2012; 67(9):995–1000. https://doi.org/10.6061/
clinics/2012(09)02 PMID: 23018293.
49. Huber S, Biberthaler P, Delhey P, Trentzsch H, Winter H, van Griensven M, et al. Predictors of poor out-
comes after significant chest trauma in multiply injured patients: a retrospective analysis from the Ger-
man Trauma Registry (Trauma Register DGU(R)). Scand J Trauma Resusc Emerg Med. 2014; 22:52.
https://doi.org/10.1186/s13049-014-0052-4 PMID: 25204466.
50. Michelet P, Couret D, Bregeon F, Perrin G, D’Journo XB, Pequignot V, et al. Early onset pneumonia in
severe chest trauma: a risk factor analysis. J Trauma. 2010; 68(2):395–400. https://doi.org/10.1097/TA.
0b013e3181a601cb PMID: 20154552.
51. Martin M, Salim A, Murray J, Demetriades D, Belzberg H, Rhee P. The decreasing incidence and mor-
tality of acute respiratory distress syndrome after injury: a 5-year observational study. J Trauma. 2005;
59(5):1107–13. PMID: 16385287.
52. Durkin MS, Laraque D, Lubman I, Barlow B. Epidemiology and prevention of traffic injuries to urban chil-
dren and adolescents. Pediatrics. 1999; 103(6):e74. PMID: 10353971.
53. Cummins JS, Koval KJ, Cantu RV, Spratt KF. Do seat belts and air bags reduce mortality and injury
severity after car accidents? Am J Orthop (Belle Mead NJ). 2011; 40(3):E26–9. PMID: 21720604.
54. van Olden GD, Meeuwis JD, Bolhuis HW, Boxma H, Goris RJ. Clinical impact of advanced trauma life
support. Am J Emerg Med. 2004; 22(7):522–5. PMID: 15666253.
55. Khalil M, Pandit V, Rhee P, Kulvatunyou N, Orouji T, Tang A, et al. Certified acute care surgery pro-
grams improve outcomes in patients undergoing emergency surgery: A nationwide analysis. J Trauma
Acute Care Surg. 2015; 79(1):60–3; discussion 4. https://doi.org/10.1097/TA.0000000000000687
PMID: 26091315.
56. Trupka A, Waydhas C, Hallfeldt KK, Nast-Kolb D, Pfeifer KJ, Schweiberer L. Value of thoracic com-
puted tomography in the first assessment of severely injured patients with blunt chest trauma: results of
a prospective study. J Trauma. 1997; 43(3):405–11; discussion 11–2. PMID: 9314300.
57. Traub M, Stevenson M, McEvoy S, Briggs G, Lo SK, Leibman S, et al. The use of chest computed
tomography versus chest X-ray in patients with major blunt trauma. Injury. 2007; 38(1):43–7. https://doi.
org/10.1016/j.injury.2006.07.006 PMID: 17045268.
58. Inaba K, Branco BC, Lim G, Russell K, Teixeira PG, Lee K, et al. The increasing burden of radiation
exposure in the management of trauma patients. J Trauma. 2011; 70(6):1366–70. https://doi.org/10.
1097/TA.0b013e3181ebb4d4 PMID: 20962680.
59. Exadaktylos AK, Sclabas G, Schmid SW, Schaller B, Zimmermann H. Do we really need routine com-
puted tomographic scanning in the primary evaluation of blunt chest trauma in patients with "normal"
chest radiograph? J Trauma. 2001; 51(6):1173–6. PMID: 11740271.
60. Jores AP, Heverhagen JT, Bonel H, Exadaktylos A, Klink T. Diagnostic Accuracy of Full-Body Linear X-
Ray Scanning in Multiple Trauma Patients in Comparison to Computed Tomography. Rofo. 2016; 188
(2):163–71. https://doi.org/10.1055/s-0041-107199 PMID: 26529263.
61. Huber-Wagner S, Biberthaler P, Haberle S, Wierer M, Dobritz M, Rummeny E, et al. Whole-body
CT in haemodynamically unstable severely injured patients—a retrospective, multicentre study. PLoS
One. 2013; 8(7):e68880. Epub 2013/07/31. https://doi.org/10.1371/journal.pone.0068880 PMID:
23894365.
62. Jiang L, Ma Y, Jiang S, Ye L, Zheng Z, Xu Y, et al. Comparison of whole-body computed tomography
vs selective radiological imaging on outcomes in major trauma patients: a meta-analysis. Scand J
Trauma Resusc Emerg Med. 2014; 22:54. https://doi.org/10.1186/s13049-014-0054-2 PMID:
25178942.
63. Wutzler S, Maegele M, Marzi I, Spanholtz T, Wafaisade A, Lefering R, et al. Association of preexisting
medical conditions with in-hospital mortality in multiple-trauma patients. J Am Coll Surg. 2009; 209
(1):75–81. https://doi.org/10.1016/j.jamcollsurg.2009.03.015 PMID: 19651066.
64. Kondo Y, Abe T, Kohshi K, Tokuda Y, Cook EF, Kukita I. Revised trauma scoring system to
predict in-hospital mortality in the emergency department: Glasgow Coma Scale, Age, and Systolic
Blood Pressure score. Crit Care. 2011; 15(4):R191. https://doi.org/10.1186/cc10348 PMID:
21831280.
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 13 / 14
65. Kilgo PD, Meredith JW, Hensberry R, Osler TM. A note on the disjointed nature of the injury severity
score. The Journal of trauma. 2004; 57(3):479–85; discussion 86–7. PMID: 15454791.
66. Moore L, Hanley JA, Turgeon AF, Lavoie A, Emond M. A multiple imputation model for imputing missing
physiologic data in the national trauma data bank. J Am Coll Surg. 2009; 209(5):572–9. https://doi.org/
10.1016/j.jamcollsurg.2009.07.004 PMID: 19854396.
Thoracic trauma now and then
PLOS ONE | https://doi.org/10.1371/journal.pone.0186712 October 19, 2017 14 / 14
